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3 MATERIALS AND METHODS 
3.1 Overview 
In this work, four type of biomass were used, which are PKS, and EFB from palm oil 
waste, and sawdust from forestry residues. The raw biomass was collected at kilang 
sawit LCSB Lepar, and Federal Sawmill Sdn Bhd in Gambang, Kuantan. This chapter 
discuss about method for preparation of biomass samples and procedure of torrefaction 
by using TGA. 
3.2 Preparation of biomass samples 
3.2.1 Palm oil waste samples preparation 
PKS and EFB were collected at kilang sawit LCSB Lepar in Gambang, Kuantan. Both 
materials were dried at 105 ºC with moisture content left is less than 10%. After drying 
process, the raw materials were grinded and sieved to a particle size of 500 – 630µm as 
shown in Figure 3-1. 
 
 








3.2.2 Forestry residues samples preparation 
Mersawa and durian sawdust sample were collected at Seng Peng Sawmill Sdn Bhd in 
Gambang, Kuantan. Sample was dried at 105 ºC until moisture content left is less than 
10%.  After drying, sawdust sample was sieved to a particle size of 500 – 630µm as 
shown in Figure 3-2.  
 
Figure 3-2: Mersawa and durian sawdust after sieving 
3.3 Heating value by using bomb calorimeter 
Higher heating value (HHV) of material was determined by using oxygen bomb 
calorimeter as shown in Figure 3-3. 10 cm of fuse wire was used and fuse wire was 
attached to the bomb head through the eyelet holes. Then, approximately 0.5 gram of 
biomass was placed into the capsule. About 2 litre water was inserted into the 
calorimeter bucket. After bomb head was placed in the cylinder, oxygen was filled in 
the cylinder by connecting oxygen filling connection onto the check valve on the bomb 
head. Oxygen was filled until the meter show the value of 20, then, the valve on the 
regulator was turned off. The bomb was inserted into the bucket by using lifting handle, 
the cover of the calorimeter bucket was closed and the thermometer was lowered. Stirrer 
was switched on, and after 1 minute, the power button was switched on. The values of 
temperature of every 1 minute interval were recorded until the value is constant. When 
the value of temperature is constant, the machine was turned off and then, the length of 
unburned fuse wire was measured. Then, HHV was calculated by using equation 4.1.2. 
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Figure 3-3: Bomb calorimeter 
 
3.4 Torrefaction by using TGA 
Biomasses were torrified by using TGA Q500 as shown in Figure 3-4. Samples were 
weighed approximately 5mg. Before start of each experiment, the systems was purged 
with N2 gas at 100ml/min for about 30 min (at 50 ºC) to remove entrapped gases. The 
samples were heated with different constant heating rate at 10 ºC/min and 20 ºC/min. 
The initial temperature was set at 30 ºC and final temperature was set at 600 ºC. Air 
cool for 50 min, and data sampling interval set at 0.50 s/pt. The weight loss and 
maximum conversion temperature were discussed. The observation was observed only 
between the temperatures at 200 ºC to 300 ºC. 
 
Figure 3-4: Thermogravimetric analyzer (TGA Q500) 
